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(57) Abstract: The present invention relates to 
a method of treating a warm-blooded animal, 
especially a human, having myeloma, especially 
myeloma which is resistant to conventional 
cytotoxic chemotherapy, comprising administering 
to said animal a therapeutically effective amount of 
an epothilone, especially an epothilone of formula 
(I), to a combination comprising an epothilone, for 
simultaneous, separate or sequential use; and to 
a pharmaceutical composition and a commercial 
package comprising said combination. 
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EPOTHILONE DERIVATIVES FOR THE TREATMENT OF MULTIPLE MYELOMA 

The present invention relates to a method of treating a warm-blooded animal, especially a 
human, having myeloma, especially myeloma which is resistant to conventional cytotoxic 
chemotherapy, comprising administering to said animal a therapeutically effective amount of 
an epothilone, especially an epothilone of formula I as defined herein; to a combination 
comprising an epothilone and a compound selected from the group consisting of alkylating 
agents, corticosteroids and anthracyclines, and optionally at least one pharmaceutical^ 
acceptable carrier, for simultaneous, separate or sequential use; and to a pharmaceutical 
composition and a commercial package comprising said combination. 

The taxanes, such as paclitaxel and docetaxel, represent a class of microtubule stabilizing 
agents that is commonly used in a number of proliferative diseases, e.g., solid tumor 
diseases like ovarian cancer. However, the taxanes have not shown great promise in the 
treatment of myeloma. The epothilones, e.g., epothilones A, B and D, but also analogues 
thereof, represent a new class of microtubule stabilizing agents (see Gerth, K. et al., J. 
Antibiot. 49, 560-3 (1996); or Hoefle et al., DE 41 38 042), Surprisingly, it was now found 
that epothilones, especially the epothilones of formula I as defined herein and, in particular, 
epothilone B, directly inhibit the growth and survival of myeloma cells. 

Furthermore, adherence of patient multiple myeloma cells to bone marrow stromal cells 
(BMSCs), enhances the ability of epothilones to inhibit multiple myeloma cell proliferation 
and to promote cell death proliferation of myeloma cells that are adherent to BMSCs. 

Hence, the invention relates to a method of treating myeloma, especially myeloma which is 
resistant to conventional cytotoxic chemotherapy, comprising administering a therapeutically 
effective amount of an epothilone, preferably a therapeutically effective amount of an 
epothilone of formula I 
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(I) 



wherein A represents O or NR N , wherein R N is hydrogen or lower alkyl, R is hydrogen or 
lower alkyl, R* is methyl, methoxy, ethoxy, amino, methylamino, dimethylamino or methylthio, 
and Z is O or a bond, 

or a pharmaceutical^ acceptable salt thereof to a warm-blooded animal, preferably a human, 
in need thereof. 

The present invention pertains in particular to a method of treating myeloma wherein 

(a) overexpression of the multi-drug resistance protein p170 is observed, and/or 

(b) the myeloma is resistant to a taxane, e.g., paclitaxel or docetaxel. 

The term "myeloma" as used herein relates to a tumor composed of cells of the type 
normally found in the bone marrow. The term "multiple myeloma" as used herein means a 
disseminated malignant neoplasm of plasma cells which is characterized by multiple bone 
marrow tumor foci and secretion of an M component (a monoclonal immunoglobulin frag- 
ment), associated with widespread osteolytic lesions resulting in bone pain, pathologic 
fractures, hypercalcaemia and normochromic normocytic anaemia. Multiple myeloma is 
incurable by the use of conventional cytotoxic and high dose chemotherapies. 

Throughout the present specification and claims myeloma means preferably multiple 
myeloma (MM). 

Unless stated otherwise, in the present disclosure organic radicals and compounds 
designated "lower" contain not more than 7, preferably not more than 4, carbon atoms. 

A compound of formula I wherein A represents 0, R is hydrogen, R' is methyl and Z is O is 
known as epothilone A; a compound of formula I wherein A represents O, R is methyl, R is 
methyl and Z is O is known as epothilone B; a compound of formula I wherein A represents 
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O, R is hydrogen, R* is methyl and Z is a bond is known as epothilone C; a compound of 
formula I wherein A represents O, R is methyl, R' is methyl and Z is a bond is known as 
epothilone D. 

Epothilone derivatives of formula I wherein A represents O or NR Nl wherein R N is hydrogen 
or lower aikyl, R is hydrogen or lower alkyl, R" is methyl and Z is O or a bond, and methods 
for the preparation of such epothilone derivatives are in particular generically and specifically 
disclosed in the patents and patent applications WO 93/10121, US 6,194,181, WO 98/25929, 
WO 98/08849, WO 99/43653, WO 98/22461 and WO 00/31247 in each case in particular in 
the compound claims and the final products of the working examples, the subject-matter of 
the final products, the pharmaceutical preparations and the claims is hereby incorporated 
into the present application by reference to this publications. Comprised are likewise the 
corresponding stereoisomers as well as the corresponding crystal modifications, e.g. 
solvates and polymorphs, which are disclosed therein. Epothilone derivatives of formula I, 
especially epothilone B, can be administered as part of pharmaceutical compositions which 
are disclosed in WO 99/39694. 

Epothilone derivatives of formula I wherein A represents O or NR N , wherein R N is hydrogen 
or lower alkyl, R is hydrogen or lower alkyl, R' is methoxy, ethoxy, amino, methylamino, 
dimethylamino or methylthio, and Z is O or a bond, and methods for the preparation and 
administration of such epothilone derivatives are in particular generically and specifically 
disclosed in the patent application W099/67252, which is hereby incorporated by reference 
into the present application. Comprised are likewise the corresponding stereoisomers as well 
as the corresponding crystal modifications, e.g. solvates and polymorphs, which are 
disclosed therein. 

The transformation of epothilone B to the corresponding lactam is disclosed in Scheme 21 
(page 31, 32) and Example 3 of WO 99/02514 (pages 48 - 50). The transformation of a 
compound of formula I which is different from epothilone B into the corresponding lactam 
can be accomplished analogously. Corresponding epothilone derivatives of formula I 
wherein R N is lower alkyl can be prepared by methods known in the art such as a reductive 
alkylation reaction starting from the epothilone derivative wherein R N is hydrogen. 
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It will be understood that in the discussion of methods, references to the active ingredients 
are meant to also include the pharmaceutical^ acceptable salts. If these active ingredients 
have, for example, at least one basic center, they can form acid addition salts. Corres- 
ponding acid addition salts can also be formed having, if desired, an additionally present 
basic center. The active ingredients having an acid group (for example COOH) can also form 
salts with bases. The active ingredient or a pharmaceutical^ acceptable salt thereof may 
also be used in form of a hydrate or include other solvents used for crystallization. 

In one preferred embodiment of the invention, an epothilone derivative of formula I is 
employed wherein A represents O, R is lower alkyl, especially methyl, ethyl or n-propyl, or 
hydrogen, R' is methyl and Z is 0 or a bond. More preferably, an epothilone derivative of 
formula I is employed wherein A represents O, R is methyl, R' is methyl and Z is O, which 
compound is also known as epothilone B. 

The term "treatment" as used herein comprises the treatment of patients having myeloma or 
being in a pre-stage of said disease which effects the delay of progression of the disease in 
said patients and aims preferably to effect a complete response to the treament, a partial 
response to the treament or to effect a stable disease. 

The term "complete response" as used herein means in particular to the resolution of all 
measurable or evaluable disease. 

The term "partial response" as used herein means in particular a greater than or equal to 
50 % reduction in measurable or evaluable disease in the absence of progression in any 
particular disease site. 

The term "stable disease" as used herein means in particular a less than 50 % decrease or 
less than 25 % increase in measurable or evaluable disease. 

The present invention pertains also to a combination comprising (a) an epothilone and (b) at 
least one compound selected from the group consisting of alkylating agents, corticosteroids 
and anthracyclines. in particular, for the simultaneous, separate or sequential use in the 
treatment of myeloma. 
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The term "alkylating agent" as used herein includes, but is not limited to, alkyl sulfonates, 
aziridines, epoxides, ethylenimines, methylmelamines, nitrogen mustards, nitrosoureas, 
imidazotetrazinones, dacarbazine, mannomustine, mitobronitol, mitolactol, pipobroman and 
procarbazine. 

The term "alkyl sulfonates" as used herein includes, but is not limited to, busulfan, 
improsulfan and piposulfan. 

The term "aziridines" as used herein includes, but is not limited to, benzodepa, carboquone, 
meturedepa and uredepa. 

The term " ethylenimines and methylmelamines" as used herein includes, but is not limited 
to, altretamine, triethylenemelamine, triethylenephosphoramide, triethylenethio- 
phosphoramide and trimethylolmelamine. 

The term "nitrogen mustards" as used herein includes, but is not limited to, chlorambucil, 
chlornaphazine, cyclophosphamide, estramustine, ifosfamide, mechlorethamine, 
mechlorethamine oxide hydrochloride, melphalan, novembichin, phenesterine, 
prednimustine, trofosfamide and uracil mustard. 

The term "nitrosoureas" as used herein includes, but is not limited to, carmustine, 
chlorozotocin, cytemustine, fotemustine, lomustine (CCNU), nimustine and ranimustine. 

The term "imidazotetrazinones" as used herein includes, but is not limited to, temozolomide 
and mitozolomide. 

Temozolomide" is described in US 5,260,291. The synthesis of temozolomide is well known 
e.g., Wang et a/., J. Org. Chem. 1997, 62, 7288-7294). Temozolomide is commercially 
available e.g. under the trademark of TEMODAL™, TEMODAR™, or TEMOXOL™ and can 
be administered, e.g., as described in US 5,942,247 or according to the package insert 
information. The term "lomustine" means a compound as described and prepared e.g. in 
Johnson P et a/., J. Med. Chem. 1966, 9, 892. Lomustine is commercially available under the 
trademark BETULUSTINE™ and can be administered according to the package insert 
information. 
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The term "anthracyclines" as used herein includes, but is not limited to, doxorubicine and 
daunorubicine. 

Furthermore, the structure of the active agents mentioned herein by name may be taken 
from the actual edition of the standard compendium "The Merck Index" or from databases, 
e.g. Patents International (e.g. IMS World Publications). The corresponding content thereof 
is hereby incorporated by reference. Any person skilled in the art is fully enabled, based on 
these references, to manufacture and test the pharmaceutical indications and properties in 
standard test models, both in vitro and in vivo. 

A combination comprising (a) an epothilone and (b) at least one compound selected from the 
group consisting of alkylating agents, corticosteroids and anthracyclines, in which the active 
ingredients are present in each case in free form or in the form of a pharmaceutical^ 
acceptable salt and optionally at least one pharmaceutical^ acceptable carrier, will be 
referred to hereinafter as a COMBINATION OF THE INVENTION. 

The COMBINATION OF THE INVENTION can be a combined preparation or a pharma- 
ceutical composition. 

The term "a combined preparation", as used herein defines especially a "kit of parts" in the 
sense that the active ingredients as defined above can be dosed independently or by use of 
different fixed combinations with distinguished amounts of the ingredients, i.e., simultane- 
ously or at different time points. The parts of the kit can then, e.g., be administered simulta- 
neously or chronologically staggered, that is at different time points and with equal or 
different time intervals for any part of the kit of parts. Very preferably, the time intervals are 
chosen such that the effect on the treated disease in the combined use of the parts is larger 
than the effect which would be obtained by use of only any one of the active ingredients. The 
ratio of the total amounts of the active ingredient 1 to the active ingredient 2 to be admini- 
stered in the combined preparation can be varied, e.g., in order to cope with the needs of a 
patient sub-population to be treated or the needs of the single patient which different needs 
can be due to age, sex, body weight, etc. of the patients. Preferably, there is at least one 
beneficial effect, e.g., a mutual enhancing of the effect of the first and second active 
ingredient, in particular a synergism, e.g. a more than additive effect, additional advan- 



WO 2004/032923 PCT/IB2003/004480 

-7- 



tageous effects, less side effects, a combined therapeutical effect in a non-effective dosage 
of one or both of the first and second active ingredient, and especially a strong synergism 
the first and second active ingredient. 

Additionally, the present invention provides a method of treating myeloma comprising 
administering a COMBINATION OF THE INVENTION in an amount which is jointly 
therapeutically effective against myeloma to a warm-blooded animal in need thereof. 

The person skilled in the pertinent art is fully enabled to select relevant test models to prove 
the hereinbefore and hereinafter mentioned beneficial effects on myeloma of an epothilone 
or of a COMBINATION OF THE INVENTION. The pharmacological activity of an epothilone 
or a COMBINATION OF THE INVENTION may, for example, be demonstrated in a suitable 
clinical study or by means of the Examples described below. By the methods described 
below it can be shown, e.g., that epothilone B inhibits the growth and survival of MM cells 
with an IC90 between 1 and 10 nM. Epothilon B induces G2M arrest in MM cells with 
subsequent apoptosis. Suitable clinical studies are, for example, open label non-randomized, 
dose escalation studies in patients with advanced myeloma. Such studies prove in particular 
the synergism observed with the COMBINATIONS OF THE INVENTION. The beneficial 
effects on myeloma can be determined directly through the results of such studies or by 
changes in the study design which are known as such to a person skilled in the art. For 
example, one combination partner can be administered with a fixed dose and the dose of a 
second combination partner is escalated until the Maximum Tolerated Dosage (MTD) is 
reached. Alternatively, a placebo-controlled, double blind study can be conducted in order to 
prove the benefits of the COMBINATION OF THE INVENTION mentioned herein. 

It is one objective of this invention to provide a pharmaceutical composition comprising a 
quantity, which is jointly therapeutically effective against myeloma comprising the COMBI- 
NATION OF THE INVENTION. In this composition, the combination partners can be 
administered together, one after the other or separately in one combined unit dosage form or 
in two separate unit dosage forms. The unit dosage form may also be a fixed combination. 

The pharmaceutical compositions for separate administration of the combination partners 
and for the administration in a fixed combination, i.e. a single galenical composition 
comprising at least two combination partners, according to the invention can be prepared in 
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a manner known per se and are those suitable for enteral, such as oral or rectal, and 
parenteral administration to mammals (warm-blooded animals), including man, comprising a 
therapeutically effective amount of at least one pharmacologically active combination partner 
alone or in combination with one or more pharmaceutical^ acceptable carries, especially 
suitable for enteral or parenteral application. 

Novel pharmaceutical composition contain, for example, from about 10 % to about 100 %, 
preferably from about 20 % to about 60 %, of the active ingredients. Pharmaceutical 
preparations for the combination therapy for enteral or parenteral administration are, for 
example, those in unit dosage forms, such as sugar-coated tablets, tablets, capsules or 
suppositories, and furthermore ampoules. If not indicated otherwise, these are prepared in a 
manner known per se, for example by means of conventional mixing, granulating, sugar- 
coating, dissolving or lyophilizing processes. It will be appreciated that the unit content of a 
combination partner contained in an individual dose of each dosage form need not in itself 
constitute an effective amount since the necessary effective amount can be reached by 
administration of a plurality of dosage units. 

In particular, a therapeutically effective amount of each of the combination partner of the 
COMBINATION OF THE INVENTION may be administered simultaneously or sequentially 
and in any order, and the components may be administered separately or as a fixed 
combination. For example, the method of treatment of myeloma according to the present 
invention may comprise (i) administration of a combination partner (a) in free or pharma- 
ceutically acceptable salt form and (ii) adminstration of a combination partner (b) in free or 
pharmaceutical^ acceptable salt form, simultaneously or sequentially in any order, in jointly 
therapeutically effective amounts, preferably in synergistically effective amounts, e.g. in daily 
dosages corresponding to the amounts described herein. The individual combination 
partners of the COMBINATION OF THE INVENTION can be administered separately at 
different times during the course of therapy or concurrently in divided or single combination 
forms. Furthermore, the term administering also encompasses the use of a pro-drug of a 
combination partner that convert in vivo to the combination partner as such. The instant 
invention is therefore to be understood as embracing all such regimes of simultaneous or 
alternating treatment and the term "administering" is to be interpreted accordingly. 
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The effective dosage of the epothilones and of the combination partners employed in the 
COMBINATION OF THE INVENTION may vary depending on the particular compound or 
pharmaceutical composition employed, the mode of administration, the type of the myeloma 
being treated and the severity of the myeloma being treated. Thus, the dosage regimen the 
COMBINATION OF THE INVENTION is selected in accordance with a variety of factors 
including the route of administration and the renal and hepatic function of the patient. A 
physician, clinician or veterinarian of ordinary skill can readily determine and prescribe the 
effective amount of an epothilone or of the single active ingredients of the COMBINATION 
OF THE INVENTION required to prevent, counter or arrest the progress of the condition. 
Optimal precision in achieving concentration of the active ingredients within the range that 
yields efficacy without toxicity requires a regimen based on the kinetics of the active 
ingredients* availability to target sites. 

When the combination partners employed in the COMBINATION OF THE INVENTION are 
applied in the form as marketed as single drugs, their dosage and mode of administration 
can take place in accordance with the information provided on the package insert of the 
respective marketed drug in order to result in the beneficial effect described herein, if not 
mentioned herein otherwise. 

If the the warm-blooded animal is a human, the dosage of a compound of formula I is 
preferably in the range of about 0.1 to 75, preferably 0.25 to 50, e.g. 2.5 or 6, mg/m 2 once 
weekly for two to four, e.g. three, weeks, followed by 6 to 8 days off in the case of an adult 
patient. 

In one embodiment of the invention, epothilone B is administered weekly in a dose that is 
between about 0.1 to 6 mg/m 2 , preferably between 0.1 and 3 mg/m 2 , e.g. 2.5 mg/m 2 , for 
three weeks after an interval of one to six weeks, especially an interval of one week, after 
the preceding treatment In another embodiment of the invention said epothilone B is 
preferably administered to a human every 18 to 24 days in a dose that is between about 0.5 
and 7.5 mg/m 2 . 

Temozolomide is preferably administered daily at a dose of 50 to 300 mg/m 2 / day, most 
preferably 200 mg/m 2 /day in cycles of 5 consecutive days per 28 day cycle. For patients who 
had prior chemotherapy, treatment is generally started at 1 50 mg/m 2 /day. 
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Lomustine is preferably administered at a single dose of 60 to 180 mg/m 2 once every six 
weeks preferably at a dose of 130 mg/m 2 . 

Moreover, the present invention provides a commercial package comprising as active 
ingredients the COMBINATION OF THE INVENTION, together with instructions for simul- 
taneous, separate or sequential use thereof in the treatment of myeloma. 

The present invention also provides the use of a compound of formula I as defined herein 
and the use of a COMBINATION OF THE INVENTION for the preparation of a medicament 
for the treatment of myeloma. 

Examples 

General 

RPMl 8226 and U266 human MM cell lines can be obtained from the American Type Culture 
Collection (ATCC) of Rockville, MD. Patient derived MM cells are purified from patient BM 
samples, as described by Y.T. Tai, G. Teoh, Y. Shima, et al in J. Immunol. Methods 235:11, 
2000. All human MM cell lines are cultured in RPMI-1640 media (Sigma Chemical, St. Louis, 
MO), containing 10% fetal bovine serum (FBS), 2mmol/L L-glutamine (L-glut, GIBCO, Grand 
Island, NY), 100U/mL penicillin and 100mg/mL streptomycin (P/S, GIBCO). MM patient cells 
are >95% CD38+, CD45RA-. Bone marrow stromal cells (BMSCs) are prepared from 
aspirates of MM patients as well as healthy donors as described by D. Gupta, S. Treon, Y. 
Shima, et al in Leukemia, 2001 and S. Gartner and H.S. Kaplan in Proc. Natl. Acad. Sci. U S 
A 77:4756, 1980. Cells are cultured in ISCOVE's modified Dulbecco media containing 20% 
FBS, 2mmol/L L-glut, and 100ug/mL P/S. Human umbilical vein endothelial cells (HUVEC 
P168) are purchased from Clonetics, Biowhittaker, and maintained in EGM-2MV media 
(Clonetics, Biowhittaker). The epothilones are dissolved in dimethyl sulfoxide (DMSO; 
Sigma) and stored as a stock solution at -20°C until used. For all assays, the compound is 
diluted in culture medium to concentrations ranging, e.g., from 0.01 to lOO^M. 
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Cytokine levels are measured in supernatants from the co-culture system described above. 
VEGF and IL-6 concentrations are measured using commercially available ELISA kits (R&D 
Systems). 

Cell Protein Lvsates. Immunoprecipitation and Western Blot Analysis 

MM cells are starved for 12h in RPMI with 10% FBS, and then incubated for 1h in RPMI- 
1640 without FBS in the presence of an epothilone or DMSO control. These cells are sub- 
sequently stimulated with 100nM VEGF, 65 as described by K. Podar, Y.T. Tai, et al in Blood 
98:428, 2001. Cells are then lysed in RIPA buffer containing 1mM PMSF, 1mM Sodium 
vanadate, and a protease inhibitor cocktail (Boehringer Mannheim). Lysates are either 
analyzed directly on a sodium dodecyl sulfate -polyacrylamide gel (SDS-PAGE gel) or 
incubated overnight with an antibody (Ab) against Flt-1, as well as protein G plus-Agarose 
(both from Santa Cruz Biotechnology, CA). Whole cell lysates (30^ig per lane) or immuno- 
precipitates are analyzed on an 8 to 10% SDS-PAGE gel; transferred onto Hybond C Super 
paper (Amersham, Arlington Heights, IL); then probed with a murine MoAb against phospho- 
ERK, a murine MoAb against phospho-tyrosine residues, or Abs against Flt-1 or ERK2 
(Santa Cruz); and detected using an HRP-conjugate anti-murine or anti-rabbit Ab (both from 
Santa Cruz) and enhanced chemiluminescence (ECL) substrate solution (Amersham). 

Western Blotting 

Protein lysates from drug-treated and control MM cells are prepared using RIPA buffer 
in the presence of a protease inhibitor cocktail (Roche), 1mM PMSF, and 1mM sodium 
orthovanadate. Lysates are either analyzed directly on sodium dodecyl sulfate - 
polyacrylamide (SDS-PAGE) gel; transferred onto Hybond C Super paper (Amersham, 
Arlington Heights, IL); probed with a murine MoAb against bcl-2 (Santa Cruz, Santa Cruz, 
CA), bax (Santa Cruz), or PARP (Biomol, West Grove, PA), or rabbit polyclonal Ab against 
caspase 3 (Santa Cruz), as well as goat polyclonal Ab against actin, and detected using an 
HRP-conjugated anti-murine or anti- goat Ab (both from Santa Cruz) and enhanced 
chemiluminescence (ECL) substrate solution (Amersham). 

Proliferation and Cell Viability Assays 
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MM cells are first starved for 12h in RPMI-1640 media containing 10% fetal bovine serum, 
and then plated into 96-well microtiter plates (Costar, Cambridge, MA), in the presence of 
drug or DMSO control. Experiments are also performed in the presence or absence of 
VEGF 165 (R and D Systems). Proliferation is measured by the incorporation of [ 3 H]-thymidine 
(NEN Products, Boston, MA). Specifically, cells are pulsed with [ 3 H]-thymidine (0.5 jiCi/well) 
for the last 6h of 48h cultures, harvested onto glass filters with an automatic cell harvester 
(Cambridge Technology, Cambridge, MA), and counted using a LKB Betaplate scintillation 
counter (Wallac, Gaithersburg, MD). Measurement of cell viability is performed colori- 
metrically by MTS assay, utilizing the CellTiter96 AQ ue0 us One Solution Reagent (Promega, 
Madison, Wl). Cells are exposed to the MTS for the last 2 h of 48h cultures, and absorbance 
is measured using an ELISA plate reader (Molecular Devices Corp., Sunnyvale, CA) at OD 
of 570 nm. 

Cell Cycle Analysis 

MM cells (1x10 6 cells) are cultured in the presence of Epothilone B or DMSO control for 24, 
48 and 72h. Cells are then washed with phosphate buffered saline (PBS), fixed with 70% 
ethanol, and treated with RNAse (Sigma). Cells are next stained with propidium iodide (PI, 
5ng/mL), and the cell cycle profile is determined using the M software on an Epics flow 
cytometer (Coulter Immunology, Hialeah, FL). 

Example 1: Proliferation of MM Cells fn an Adhesion System 

BMSCs (1x 10 4 cells/well) are plated into 96-well microtiter plates and incubated at 37°C for 
24h in ISCOVE's media (20% FBS). MM cells are then added to the BMSC-containing wells 
(5 x 10 4 cells/well), in the presence of an epothilone or DMSO control. When MM.1S cells 
are used, both BMSCs and MM cells are starved for 12h in RPMI-1640 media containing 2% 
FBS. When patient PCL cells are used, the co-cultures are performed in RPMI media 
containing 10% FBS. BMSCs and MM ceils are also cultured separately to serve as controls. 
After 48h, proliferation and cell viability are analyzed as described above. To ensure that all 
cells are collected for the proliferation assay, 10x Trypsin (Sigma) is added to each well 10 
minutes prior to harvesting. 
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Example 2: Proliferation of MM Cells fn a modified Bovden Chamber Transwell System 

Proliferation is measured in a modified Boyden chamber transweil system, using 24-weII 
plates with a 0.4 mm pore size inserts (Costar). BMSCs (4x1 0 4 cells/well) are plated in the 
lower chamber, starved, and incubated in an epothilone as described above. MM cells (20 x 
10 4 cells/ml) are then placed in the upper chamber (insert), and [ 3 H]-thymidine uptake in the 
individual chambers is measured at 48h as described above. 

Example 3: Measurement of Cytokine Concentrations 

Cytokine levels were measured in supernatants from the co-culture system described above. 
VEGF and IL-6 concentrations were measured using commercially available ELISA kits 
(R&D Systems). 

Example 4 : Effect of Epothilone B on Proliferation MM.1S Cells 

MM.1S cells are placed in the upper chamber of a transwell co-culture system in order to 
preclude direct contact between MM cells and BMSCs, but nonetheless allow for diffusion of 
humoral factors. Despite the lack of contact between the two cell types, uptake of [ 3 H]-dT by 
MM.1S cells incubated with BMSCs is increased by 2.2-fold (p<0.0001) at 48h. By contrast, 
the BMSCs in the co-culture system do not show a significant increase in [ 3 H]-dT uptake. It 
can be shown by this co-culture system that epothilone B reduces proliferation of MM.1S 
cells. 

Example 5 : Effect of Epothilone B on human MM cells in vivo 

Mice are inoculated subcutaneously into the right flank with 3x107 MM cells in 
100 mL of RPM1 1640, together with 100 uL matrigel basement membrane matrix (Becton 
Dickinson, Bedford, MA). On day 6 post injection, mice are assigned into two treatment 
groups receiving Epothilone B , or into a control group. Treatment with Epothilone B is given 
intravenously once weekly via tail vein at 2.5 mg/kg for 4 weeks, starting on day +6, or as a 
one-time 4mg/kg dose on day +6. The control group receive the vehicle alone (30% PEG- 
300 in 0,9% sodium chloride) weekly. Caliper measurements of the longest perpendicular 
tumor diameters are performed twice per week to estimate the tumor volume, using the 
following formula: 4/3 x (width/2)2 x (length/2), representing the three-dimensional volume 
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of an ellipse. Animals are sacrificed when their tumor reached 2 cm or when the mice 
become moribund. Survival is evaluated from the first day of tumor injection until death. 
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What is claimed 

1. A method of treating a warm-blooded animal having myeloma comprising administering a 
therapeutically effective amount of an epothilone. 

2. The method of claim 1 wherein the epothilone is a compound of formula I 




0) 



0 OH O 



wherein A represents O or NR Nl wherein R N is hydrogen or lower alkyl, R is hydrogen or 
lower alkyl, R' is methyl, methoxy, ethoxy, amino, methylamino, dimethylamino or 
methylthio, and Z is O or a bond, 

or a pharmaceuticaliy acceptable salt thereof to a warm-blooded animal in need thereof. 

3. The method according to claim 1 or 2 wherein the warm-blooded animal is a human. 

4. A method according to anyone of claims 1 to 3 wherein the myeloma is resistant to 
conventional cytotoxic chemotherapy. 

5. A method according to anyone of claims 1 to 3 wherein overexpression of the multi-drug 
resistance protein p170 is observed. 

6. A method according to anyone of claims 1 to 3 wherein the myeloma is resistant to a 
taxane, e.g., paclitaxel. 

7. The method according to anyone of claims 1 to 6 wherein the disease is multiple 
myeloma. 
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8. The method according to anyone of claims 1 to 7 wherein the compound of formula I is 
epothilone B. 

9. The method according to 8 comprising administering epothilone B weekly in a dose that is 
between about 0.1 to 6 mg/m 2 for three weeks after an interval of one to six weeks after 
the preceding treatment. 

10. A combination comprising (a) an epothilone of formula I 




(I) 



O OH O 



wherein A represents O or NR N , wherein R N is hydrogen or lower alkyl, R is hydrogen or 
lower alkyl, R' is methyl, methoxy, ethoxy, amino, methylamino, dimethylamino or 
methylthio, and Z is O or a bond, and (b) at least one compound selected from the group 
consisting of alkylating agents, corticosteroids and anthracyclines, in which the active 
ingredients (a) and (b) are present in each case in free form or in the form of a 
pharmaceutical^ acceptable salt and optionally at least one pharmaceutical^ acceptable 
carrier, for simultaneous, separate or sequential use in the treatment of myeloma. 

11. Combination according to claim 10 wherein the epothilone is epothilone B. 

12. Combination according to claim 11 or 12 for simultaneous, separate or sequential use in 
the treatment of multiple myeloma. 

13. Use of a combination according to claim 11 or 12 for the preparation of a medicament for 
the treatment of myeloma. 
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14. A method of treating myeloma comprising administering a combination as defined in 
claim 1 1 in an amount which is jointly therapeutically effective against myeloma to a 
warm-blooded animal in need thereof. 

15. A pharmaceutical composition comprising a quantity, which is jointly therapeutically 
effective against myeloma, of a combination according to claim 1 1 and at least one 
pharmaceutical^ acceptable carrier. 

16. A commercial package comprising a combination as defined in claim 11, together with 
instructions for simultaneous, separate or sequential use thereof in the treatment of 
myeloma. 
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Beschreibung 

[0001] Die vorliegende Erfindung betrifft Epothilone D, dessen Herstellung sowie dessen Verwendung zur Herstel- 
lung eines therapeutischen Mittels. 

5 

Epothilon D 

[0002] GemaB einer Ausfuhrungsform betrifft die Erfindung Epothilon [ D], das dadurch gewinnbar ist, daf3 man 

10 (a) Sorangium cellulosum DSM 6773 in Gegenwart eines Adsorberharzes in an sich bekannter Weise kultiviert; 

(b) das Adsorberharz von der Kultur abtrennt und mit einem Wasser/Methanol-Gemisch wascht, 

(c) das gewaschene Adsorberharz mit Methanol eluiert und das Eluat zu einem Rohextrakt einengt, 

(d) das gewonnene Konzentrat mit Ethylacetat extrahiert, den Extrakt einengt und zwischen Methanol und Hexan 
verteilt, 

15 (e) die methanolische Phase zu einem Raffinat einengt und das Konzentrat an einer Sephadex-Saule fraktioniert, 

(f) eine Fraktion mit Stoffwechselprodukten des eingesetzten Mikroorganismus gewinnt, 

(g) die gewonnene Fraktion an einer C18-Umkehrphase mit einem Methanol/Wasser-Gemisch chromatographiert 
und in zeitlicher Reihenfolge 

20 - nach einer ersten Fraktion mit Epothilon A und 

einer zweiten Fraktion mit Epothion B 

eine dritte Fraktion mit einem ersten weiteren Epothilon (Epothilon C) und 

eine vierte Fraktion mit einem zweiten weiteren Epothilon (Epothilon D) gewinnt und 

25 (h) das Epothilon der zweiten weiteren Fraktion (Epothilon D) isoliert. 

[0003] Ferner betrifft die Erfindung Epothilon D der Formel: 




Epothilon D R = CH 3 

45 [0004] Insbesondere betrifft die Erfindung Epothilon [D] der Summenformel C 27 H 41 N0 5 S, gekennzeichnet durch 
das 1 H- und 13 C-NMR-Spektrum gema3 Tabelle 1 . Epothilon D kann zur Herstellung der Verbindungen der folgenden 
Formel 1 verwendet werden, wobei zu deren Derivatisierung auf die in WO-A-97/1 9 086 beschriebenen Derivatisie- 
rungsmethoden verwiesen werden kann. 
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[0005] In dervorstehenden Formel 1 bedeuten: 

15 

R = H,C 1 . 4 -Alkyl; 
R1.R2, R3, R4 R5 = H, C^-Alky!, 
C^-Acyl-Benzoyl, 
C^-Trialkylsilyl, 
20 Benzyl, 
Phenyl, 
C^-Alkoxy-, 

C 6 -Alkyl-, Hydroxy- und Halogensubstituiertes Benzyl bzw. Phenyl; 

25 wobei auch zwei der Reste R 1 bis R 5 zu der Gruppierung -(CH 2 ) n - mit n = 1 bis 6 zusammentreten konnen und es sich 
bei den in den Resten enthaltenen Alkyl- bzw. Acylgruppen urn gradkettige oder verzweigte Reste handelt; 
Y und Z sind entweder gleich oder verschieden und stehen jeweils fur Wasserstoff, Halogen, wie F, CI, Br oder J, 
Pseudohalogen, wie -NCO, -NCS oder -N 3 , OH, CHC^-Acyl, O-tC^-Alkyl, O-Benzoyl. Y und Z konnen auch das 
O-Atom eines Epoxides sein, wobei Epothilon A und B nicht beansprucht werden, oder eine der C-C-Bindungen einer 

30 C=C-Doppelbindung bilden. . 

[0006] So kann man die 12,13-Doppelbindung selektiv 

hydrieren, beispielsweise katalytisch oder mit Diimin, wobei man eine Verbindung der Formel 1 mit Y = Z = H 
erhalt; oder 

35 - epoxidieren, beispielsweise mit Dimethyldioxiran oder einer Persaure, wobei man eine Verbindung der Formel 1 
mit Y mit Z = -O- erhalt; oder 

in die Dihalogenide, Dipseudohalogenide oder Diazide umwandeln, wobei man eine Verbindung der Formel 1 mit 
Y und Z = Hal, Pseudo-hal oder N 3 erhalt. 

40 Herstellung und Mittel 

[0007] Die erfindungsgemaBen Verbindungen bzw. Epothilone sind mit den vorstehend angefuhrten MaBnahmen 
gewinnbar. 

[0008] SchlieBlich betrifft die Erfindung ein therapeutisches Mittel, bestehend aus einer oder mehreren der vorste- 
45 hend aufgefuhrten Verbindungen oder einer oder mehreren der vorstehend aufgefuhrten Verbindungen neben einem 
oder mehreren ublichen Trager(n) und/oder Verdun nungsmittel(n). Diese Mittel konnen insbesondere cytotoxische 
Aktivitaten zeigen und/oder Immunsuppression bewirken und/oder zur Bekampfung malignerTumore eingesetzt wer- 
den, wobei sie besonders bevorzugt als Cytostatika verwendbar sind. 

[0009] Die Erfindung wird im folgenden durch die Beschreibung von einigen ausgewahlten Ausfiihrungsbeispielen 
so naher erlautert und beschrieben. 
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Beispiele 
BeispieM: 
5 Epothilon D 

A. Produktionsstamm und Kulturbedingungen entsprechend dem Epothilon Basispatent DE-B-41 38 042. 

B. Produktion mit DSM 6773 

10 

[0010] 75 I Kultur werden wie im Basispatent beschrieben angezogen und zum Animpfen eines Produktionsfermen- 
ters mit 700 I Produktionsmedium aus 0.8 % Starke, 0.2 % Glukose, 0.2 % Soyamehl, 0.2 % Hefeextrakt, 0.1 % CaCI 2 
x 2H 2 0, 0.1% MgS0 4 x 7H 2 0, 8 mg/l Fe-EDTA, pH = 7.4 und optional 1 5 1 Adsorberharz Amberlite® XAD-1 6 verwendet. 
Die Fermentation dauert 7-10 Tage bei 30 C, Beiuftung mit 0.1 NUm 3 . Durch Regulierung der Drehzahl wird der p0 2 
is bei 30% gehalten. 

C. Isolierung 

[001 1 ] Das Adsorberharz wird mit einem 0.7 m 2 , 1 00 mesh ProzeBfilter von der Kultur abgetrennt und durch Waschen 
20 mit 3 Bettvolumen Wasser/Methanol 2:1 von polaren Begleitstoffen befreit. Durch Elution mit 4 Bettvolumen Methanol 
wird ein Rohextrakt gewonnen, der i. Vak. bis zum Auftreten der Wasserphase eingedampft wird. 
[0012] Diese wird dreimal mit dem gleichen Volumen Ethylacetat extrahiert. Eindampfen der organischen Phase 
ergibt 240 g Rohextrakt, der zwischen Methanol und Heptan verteilt wird, urn lipophile Begleitstoffe abzutrennen. Aus 
der Methanolphase werden durch Eindampfen i. Vak 1 80 g Raffinat gewonnen, das in drei Portionen iiber Sephadex® 
25 LH-20 (Saule 20 x 1 00 cm, 20 ml/min Methanol) fraktioniert wird. Die Epothilone sind in der mit 240 - 300 min Reten- 
tionszeit eluierten Fraktion von insgesamt 72 g enthalten. ZurTrennung der Epothilone wird in drei Portionen an Lichro- 
sorb® RP-18 (15 Saule 10 x 40 cm, Laufmittel 180 ml/min Methanol/Wasser 65:35) chromatographiert. Nach 
Epothilon A und B werden mit R t = 90-95 min Epothilon C und 100-110 min Epothilon D eluiert und nach Eindampfen 
i. Vak. in einer Ausbeute von jeweils 0.3 g als farblose Ole gewonnen. 

30 

D. Physikalische Eigenschaften 
[0013] 

35 

R 



40 



45 




Epothilon D R = CH 3 

50 

Epothilon D 

[0014] C 27 H 41 N0 5 S[491] 
ESI-MS: (positiv lonen) : 492,5 fur [M+H] + 
55 1 H und 13C siehe NMR-Tabelle 

DC: R f = 0,82 

DC-Alufolie 60 F 254 Merck, Laufmittel: Dichlormethan/Methanol = 9:1 



4 



EP 0 941 227 B1 



Detektion: UV-L6schung bei 254 nm. Anspriihen mit Vanillin-Schwefelsaure-Reagenz, blau-graue Anfarbung beim 
Erhitzen auf 120 °C. 
HPLC: R t = 15,3 min 

Saule: Nucleosil® 1 00 C-1 8 7p.m, 1 25 x 4 mm 
s Laufmittel: Methanol/Wasser = 65:35 

FluB: 1ml/min 
Detection: Diodenarray 



w Tabelle 1 : 



25 



35 



45 



1 H- und 13 C-NMR Daten von Epothilon D in [D 6 ] DMSO bei 300 MHz 


Epothilon D 


5 (ppm) 


C-Atom 


5 (ppm) 




1 


170.1 


2.35 


2 


39.0 


2.38 


3 


70.8 


4.10 


4 


53.2 


5.08 


5 


217.4 


3.11 


6 


44.4 


3.48 


7 


75.5 


4.46 


8 


36.3 


1.29 


9 


29.9 


1.14 


10 


25.9 


1.38 


11 


31.8* 


1.14* 


12 


138.3 


1.35* 


13 


120.3 


1.75 


14 


31.6* 


2.10 


15 


76.6 




16 


137.2 


5.08 


17 


119.2 


2.30 


18 


152.1 


2.65 


19 


117.7 


5.29 


20 


164.3 


6.51 


21 


18.9 


7.35 


22 


19.7 


2.65 


23 


22.5 


0.90 


24 


16.4 


1.19 


25 


18.4 


1.07 


26 


22.9 


0.91 


27 


14.1 


1.63 






2.11 







* Zuordnung vertauschbar 



so Beispiet 2 und Vergleichsbeispiele 1 bis 5: 

[0015] Das erfindungsgemaGe Epothilon D und Epothilone A, B, C, E und F (Vergleichsbeispiele 1 bis 5) wurden mit 
Zellkulturen (Tabelle 2) und auf Polymerisationsforderung (Tabelle 3) getestet. 
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Tabelle 2: 



Epothi Ion-Tests mit Zetlkulturen 


Epothilon 


A 


B 


C 


D 


E 


F 




493 


507 


477 


491 


509 


523 






IL/-OU 


Tnn/m II 








MausTiDroDlasten l_ 929 


4 


H 
1 


1 OU 




on 


H C 

1 ,o 


humane Tumorzellinien: 














HL-60 (Leukamie) 


0.2 


0.2 


10 


3 


1 


0,3 


K-562 (Leukamie) 


0.3 


0.3 


20 


10 


2 


0,5 


U-937 (Lymphom) 


0.2 


0.2 


10 


3 


1 


0,2 


KB-3.1 (Cervixkarzinom) 


1 


0.6 


20 


12 


5 


0,5 


KB-V1 (Cervixkarzinom multires 


0.3 


0.3 


15 


3 


5 


0,6 


A-498 (Nierenkarzinom) 




1.5 


150 


20 


20 


3 


A-549 (Lungenkarzinom) 


0.7 


0.1 


30 


10 


3 


0,1 



20 

Tabelle 3: 



Polymerlsationstest mit Epothilonen 


Parameter; Zeit bis zur halbmaximalen Polymerisation der Kon- 
trolle 


Messung: 


w 


X 


y 


z 


Mittel 


Mittel 












[s] 


[%] 


Kontrolle 


200 


170 


180 


210 


190 


100 


Epothilon A 


95 


60 


70 


70 


74 


39 


Epothilon B 




23 


25 


30 


26 


14 


Epothilon C 


125 


76 


95 


80 


94 


49 


Epothilon D 


125 


73 


120 




106 


56 


Epothilon E 


80 


60 


50 


45 


59 


31 


Epothilon F 


80 


40 


30 


50 


50 


26 



Standardtest mit 0,9 mg Tubulin/ml und 1 u.M Probenkonzentration 

[0016] Der Polymerisationstest ist ein in vitro Test mit gereinigtem Tubulin aus Schweinehirn. Die Auswertung erfolgt 
40 photometrisch. Polymerisationsfordernde Substanzen wie die Epothilone verkurzen die Zeit, bis zu der halbmaximale 
Polymerisation erfolgt ist, d. h., je kurzer die Zeit, desto wirksamer die Verbindung. w, x, y und z sind vier unabhangige 
Versuche, die relative Wirksamkeit ist in der letzten Spalte in % der Kontrolle ausgedruckt; wieder zeigen die niedrigsten 
Werte die beste Wirksamkeit an. Die Rangliste entspricht ziemlich genau der in Zellkulturen festgestellten. 

45 

Patentanspruche 



1 . Verfahren zur Herstellung von Epothilon D, bei dem man 

(a) Sorangium cellulosum DSM 6773 in Gegenwart eines Adsorberharzes in an sich bekannter Weise kultiviert, 

(b) das Adsorberharz von der Kultur abtrennt und mit einem Wasser/Methanol-Gemisch wascht, 

(c) das gewaschene Adsorberharz mit Methanol eluiert und das Eluat zu einem Rohextrakt einengt, 

(d) das gewonnene Konzentrat mit Ethylacetat exrahiert, den Extrakt einengt und zwischen Methanol und 
Hexan verteilt, 

(e) die methanolische Phase zu einem Raffinat einengt und das Konzentrat an einer Sephadex-Saule fraktio- 
niert, 

(f) eine Fraktion mit Stoffwechselprodukten des eingesetzten Mikroorganismus gewinnt, 
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(g) die gewonnene Fraktion an einer C1 8-Umkehrphase mit einem Methanol/Wasser-Gemisch chromatogra- 
phiert und in zeitlicher Reihenfolge 

nach einer ersten Fraktion mit Epothilon A und 
einer zweiten Fraktion mit Epothilon B 

eine dritte Fraktion mit einem ersten weiteren Epothilon (Epothilon C) und 
- eine vierte Fraktion mit einem zweiten weiteren Epothilon (Epothilon D) gewinnt und 

(h) das Epothilon (Epothilon D) der zweiten weiteren Fraktion isoliert. 
2. Epothilon D der Formel: 




Epothilon D R = CH 3 

3. Epothilon der Summenformel C 2 7H 41 N0 5 S nach Anspruch 2, gekennzeichnet durch das 1 H- 
und 13 C-NMR-Spektrum gema(3 Tabelle 1 . 

4. Therapeutisches Mittel, insbesondere zum Einsatz als Cytostatikum, bestehend aus einer odermehreren der Ver- 
bindungen nach einem Oder mehreren der vorhergehenden Anspruche Oder einer Oder mehrerer der Verbindungen 
nach einem odermehreren der vorhergehenden Anspruche neben einem odermehreren ublichen Trager(n) und/ 
oder Verdunnungsmittel(n). 

Claims 

1 . Process for the preparation of epothilone D, wherein 

(a) Sorangium cellulosum DSM 6773 is cultured in a manner known per se in the presence of an adsorber resin , 

(b) the adsorber resin is removed from the culture and washed with a water/methanol mixture, 

(c) the washed adsorber resin is eluted with methanol and the eluate is concentrated to give a crude extract, 

(d) the concentrate obtained is extracted with ethyl acetate, the extract is concentrated and partitioned between 
methanol and hexane, 

(e) the methanolic phase is concentrated to give a raffinate and the concentrate is fractionated on a Sephadex 
column, 

(f) a fraction containing metabolic products of the microorganism employed is obtained, 

(g) the fraction obtained is chromatographed on a C18 reverse phase with a methanol/water mixture and, 
sequentially 

after a first fraction containing epothilone A and 
a second fraction containing epothilone B 

a third fraction containing a first further epothilone (epothilone C) and 

a fourth fraction containing a second further epothilone (epothilone D) are obtained and 

(h) the epothilone (epothilone D) of the second further fraction is isolated. 
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2. Epothilone D of the formula: 




O OH O 



Epothilone D R = CH 3 

3. Epothilone of the empirical formula C 27 H 41 N0 5 S according to claim 2, characterized by the 1 H- and 13 C-NMR 
spectrum as in Table 1 . 

4. Therapeutic composition, in particularfor use as a cytostatic, consisting of one or more of the compounds according 
to one or more of the preceding claims or one or more of the compounds according to one or more of the preceding 
claims in addition to one or more customary carrier(s) and/or diluents(s) 



Revendications 

1. Procede de preparation de I'epothilone D, dans lequel : 

(a) on cultive d'une maniere connue en soi Sorangium cellulosum DSM 6773 en presence d'une resine ad- 
sorbante, 

(b) on separe la resine adsorbante de la culture et on la lave avec un melange d'eau et de methanol, 

(c) on elue la resine adsorbante lavee avec du methanol et on concentre I'eluat en un extrait brut, 

(d) on extrait le concentre obtenu avec de I'acetate d'ethyle, on concentre I'extrait et on le partage entre du 
methanol et de I'hexane, 

(e) on concentre la phase methanolique en un produit de raffinage et on fractionne le concentre sur une 
colonne de Sephadex, 

(f) on obtient une fraction avec des produits du metabolisme du microorganisme utilise, 

(g) on chromatographie la fraction obtenue sur une phase d'inversion C18 avec un melange de methanol et 
d'eau et on obtient dans I'ordre chronologique : 

apres une premiere fraction contenant de I'epothilone A et une deuxieme fraction contenant de I'epothilone 
B, 

une troisieme fraction contenant une premiere autre epothilone (epothilone C) et une quatrieme fraction 
contenant une deuxieme autre epothilone (epothilone D), et 

(h) on isole I'epothilone (epothilone D) de la deuxieme autre fraction. 

2. Epothilone D de formule : 
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OH O 



Epothilone D R=CH 3 

Epothilone de formule brute C 27 H 41 N0 5 S selon la revendication 2, qui est caracterisee par le spectre de RMN 
de 1 H et 13 C selon le Tableau 1 . 

Agent therapeutique, utilisable en particulier comme agent cytostatique, qui est constitue d'un ou plusieurs des 
composes selon une ou plusieurs des revendications precedentes, ou d'un ou plusieurs des composes selon une 
ou plusieurs des revendications precedentes, et d'un ou plusieurs supports et/ou diluants habituels. 



